Structural Analysis Quick Start
An NCBI Mini-Course

A protein domain is considered to be a distinct functional and/or structural unit. A
domain in a structural context refers to a segment of a polypeptide chain that can
fold into an independent three dimensional structure. It may interact with other
domains of the protein or may simply be joined to other domains by a polypeptide
chain. A domain in a sequence context refers to a long sequence pattern that is
shared by other proteins having a common evolutionary origin. A domain may
include all of the protein sequence or a part of it. A conserved domain is a
recurring unit in molecular evolution whose extents can be determined by
sequence and structure analysis.

The Conserved Domain Database (CDD) contains domains derived from the
Smart, Pfam and Clusters of Orthologous Groups (COGs) databases.
Conserved domains can be represented as multiple sequence alignments.
Source alignments are processed by NCBI as follows:

- Sequences in the alignment for which a link can not be provided to a protein in
Entrez are removed.

- If possible, a closely related sequence with a known structure is substituted.

- A representative sequence, preferably with a structure link, is chosen from
among those in the alignment.

- A consensus sequence is made.

- A position-specific scoring matrix (PSSM) is constructed.

The Conserved Domain search (CD-search) compares a protein sequence to the
PSSMs in the CDD database to identify conserved domains within it and to
identify a 3-D modeling template. Since the PSSMs are the "subject", instead of
the query as in PSI-Blast, the CD-search is a form of Reverse Position-Specific
Blast (RPS-Blast).

The Conserved Domain Architecture Retrieval Tool (CDART) can be used to
identify proteins containing the domain(s) present in the query sequence.
Conserved domain(s) present in all sequences within Entrez proteins are
identified using CD-search during routine NCBI processing. These pre-computed
results are accessed through CDART.

The Vector Alignment Search Tool (VAST) is a computer algorithm developed
at NCBI to detect similar protein 3-dimensional structures. The "structure
neighbors" for every structure in NCBI’ Molecular Modeling DataBase (MMDB)



are pre-computed. These neighbors can be used to identify distant homologs
that cannot be recognized by sequence comparison alone. A VAST-search can
be used for determining the structure neighbors for recently solved structures not
yet in MMDB.

Cn3D is a helper application for web browsers to view 3-dimensional structures
from NCBI's Entrez retrieval service. Cn3D runs on Windows, Macintosh, and
Unix. Cn3D simultaneously displays structure, sequence, and alignment, and
now has powerful annotation and alignment editing features.

In this course, we will learn to

Identify a conserved domain present in the query protein using CDD
Search for other proteins containing similar domain(s) using CDART
Explore a 3D modeling template for the query sequence using CDD
Find similar structures using VAST

Visualize and annotate the 3D protein structures using Cn3D

The remainder of the handout includes the introductory slides and the screen
shots of the exercise demonstrated in Problem 1.

URL: http://www.ncbi.nlm.nih.gov/Class/minicourses/quickstructure.html

Course developed by: Dr. Medha Bhagwat (bhagwat@ncbi.nim.nih.gov)
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Conserved Domains
e recurring unit in molecular evolution;

extent can be determined by
sequence and structure analysis;

e performs a defined function;

e represented as a multiple local sequence
alignment of proteins containing the domain

(position specific scoring matrix, pssm).

CDD Search page:
http://www.ncbi.nlm.nih.gov/Structure/cdd/cdd.shtml
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+ A database of position-specific scoring matrices (PSSM)
» CD-Search can be used to search against the PSSMs

* Manual curation of CDs is ongoing (cd12345.version)
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Position-Specific Score Matrix

Serine/Threonine protein kinases
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Problem 1

In this problem, we will follow these steps:

A. Identify conserved domain(s) present in a protein.

B. Search for other proteins containing similar domain(s).

C. Explore a 3D modeling template for the query sequence.

D. Find distant sequence homologs that may not be identified by BLAST.

NCBI's Conserved Domain Search allows you to match your protein sequence to
a library of conserved protein domains, generate a multiple sequence alignment
based on this match, and explore 3D modeling templates for your sequence.
Click on the CDD link provided below,

CDD

Paste the following protein sequence in the CD-Search query box and run the
search.

MDPIALTAAVGADLLGDGRPETLWLGIGTLLMLIGTFY FIV KGWGJ
SMFFGIGLTEVQVGSEMLDIYYARY ADWLFTTPLLLLDLALLA K\J
HTPLARY TWWLFSTICMIVVLY FLATSLRAAAKERGPEVASTFN
VGLGIETLLFMVLDVTAKV GFGFILLRSRAILGDTEAPEPSAGAE/

of

A. What is the domain present in this protein?
Obtain more information about the domain by searching in NCBI's Bookshelf

B. Go back to the CD-Search results page. Obtain a list of proteins with similar
domain architecture by clicking on the "Search for similar domain architectures”
button. To display the records, click on the link to the sequences and from there
on the “Look up Sequences in Entrez”. Change the display from “Summary” to
“FASTA”.

C. Go back to the CD-Search results page. Generate a multiple sequence
alignment for the top 10 sequences representative of the conserved domain hit
by clicking on the graphic of the domain. Use the "Row Display" list box pull
down menu to specify "up to 5" sequences and reformat sequence alignment.
Extend the “Structure” display and invoke Cn3D with a display of a 3D modeling
template and a multiple sequence alignment including your query sequence by
pressing the "Show Structure" button.

The structure of the Halobacterium salinarum halorhodopsin protein and its



sequence alignment with our query protein are displayed. For a better view of the
backbone, remove the side chains globally (Style--Edit global style--Protein side
chains). The query protein contains a bacterial rhodopsin signature
(FMVLDVTAKVGF) where K is the retinal binding site. Identify these residues in
the query protein and highlight the corresponding lysine residue in the
halorhodopsin protein sequence.

Display the side chains of this residue (Use Style--Annotate--New--Edit Style.
Change the protein backbone Rendering to Tubes, Color Scheme to User
Selection and User Color to choose the color for the highlighted residue, for
example yellow. Repeat these steps for the Protein Side chains row and click the
Protein Side chains on. Click on the “Done” button. To zoom in, press z on the
keyboard. Identify the cofactor near the lysine residue.

D. To obtain the structural neighbors for the halorhodopsin protein, first click on
the structure entry link, 1E12_A, on the CD-Browser page. Then click Links —
Structure on the top right, then on 1E12 again in the Entrez Structure page, and
finally on the chain A graphic. To view neighbors with 1E12_A, select one or
more of the check boxes next to the structure neighbors and view by clicking on
the "View 3D Structure" button.

Screenshots
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groteins often contain several modules or domains, each with a distinct evolutionary origin and function. NCBI's Conserved
5 aln Database is a collection of multiple sequence allgnments far ancient domains and full-length proteins. The CD-Search
serfge may be used to identify the conserved domains present in a protein query sequence:

CD-Search

=

CDART

=

i Search Database | CODw2.10-12588 PSSMSE
Enter a Protein query as Accession, GI, or Sequence in FASTA format:

SHFFGIGLTEVOVGSEMLD IVYARYADWLF TTPLLLLDLALLAREVDRVS IGTLVGVD ALMIVTGLVGALS E

Pfam
SMART
cCoG

=

=

HTPLARYTWWLFSTICHIVVLYFLATSLRALARERGPEVAS TFNTL TALVLVLWTATF ILWIIGTEGAGY
VGLGIETLLFMVLDYWTAKVGFGF ILLRSRAILGD TEAPEPSAGAELSALD

=

_ Read about the FASTA format description. Click here for advanced options.
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Many Integral Proteins Contain Multiple Transmembrane o Helices

Although Figure 3-33 depicts glycophorin as a monotner with a single o helix spanning the bilayer, this
protein is present in erythrocyte membranes as a dimer of two identical polypeptide chains. The two
membrane-spanning o helices of glycophorin are thought to form a coded-cod structure (see Fiqure
3-%a) stabihzed by specific mteractions between the aminoe acid side chamns at the mterface of the two
helices. Itis now known that many other transtnembrane proteins contain two of thore
membrane-spanning o helices. For mstance, the bacterial photogyniheiic reaction center (PRC)
cotmprises four subunits and several prosthetic groups, ncluding four chlorophyll molecules. In this
complex protein, three of the four subunits span the membrane; two of these subunits (L and 1) each
cottain five membrane-spanning o helices (see Figure 16-40).

d important family of integral proteins i3 defined by the presence of seven membrane-spanning
3. More than 150 such “seven-spanning” membrane proteins have been identified. This class of
proteins is typified by bacteriorbodopsin, a protein found in a photosynthetic bacterium (Figure
3-34% Absorption of light by the retinal group attached to bacteriothodopsin causes a conformational
change in the protein that results in pumping of protons from the cytosol across the bacterial membrane
to the extracellular space. The proton concentration gradient thus generated across the membrane is
uszed to synthesize ATP, as discussed i Chapter 16, Both the overall arrangement of the seven o helices
m bacteriothodopsin and the identity of most of the amino acids can be resolved by computer analysis of
micrographs of two-dimensional crystals of the membrane-embedded protein taleen at various angles to
the electron beatn
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i 461609 agls iLLFVYMgRNVEDPRAQLI FVATLMY PLY Sl SE8VTGLVEGLTVEFLEMPaghal am mmm e e

1 2499282 agvv i LLEVAMgRDI ESPRAKLIWVATMLYPLYV I B3 VAGLASGLTVOIFLOMPpghala~

i 1168614 x: 12T.AVLAYG—«YTLVPEETRKRYLLLIAIPGIAIIVAYALI\ILALGFGSIOSEGHa ~~~~~~~~~~~~~~~~~~~
i 2499337
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1URZ_ 2 102 DLALLAKVDRVSIGTLVGVDALMIVTGLVGALS HTPLARYTWILFSTICHIVVLYFLATSLRAAAKER. [2] .EV 173
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g1 2899387 101 DLALLAGADRNTIVSLYGLDVLMIGTGALATLS.[6] . PAGAERLVWIGISTGFLLVLLYFLFSNLTDRASEL. (2] .DL 178
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LOCUS 1E1Z_& 253 aa linsar  BCT 06-APR-2000 > 3D Domains

DEFINITICHN Chain A, Halorhodopsin, A Light-Driven Chloride Pump. b Domain Relatives

LCCESSION  1E1z 4 » PubMed

VERSION 1E1z_k GI:6569313

DESOURCE pdb: molecule 1E12, chain 65, release ipr 6, 2000;

deposition: Apr 6, 2000;
class: Ion Pump:
source: Mol _id: 1; Organism scientific: Halobacterium Salinarum;
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E. Sal. Strain Dz Uas Constructed For Howologous Overexpression OFf
Br. See ilso Heymann Et il., Mol. Microbiol., Vo. 7, 623-630
(1993) . ;
Exp. method: X-Ray Diffraction.
KEYWORDS .
SOURCE Halobacterium salinarum
ORGANISH Halobacterium salinarum
irchaea: Euryarchasota; Halobacteria; Halobacteriales:
Halobacreriacese; Halobacterium.
REFERENCE 1 ([residues 1 to 253)
AUTHORS  Havelka,V.A., Henderson,R. and Oesterhelt,D.
TITLE Three-dimensional structure of halorhodopsin at 7 A resolution
JOURNAL  J. Mol. Biol. 247 (4], 726-738 (1955)
PUBNED 7723027
REFERENCE 2 ({residues 1 to 253)
RUTHORS ~ Ossterhelt,D.
TITLE The structure and mechanism of the femily of retinal proteins from
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Problem 2
In this problem, we will follow these steps:

A. Identify conserved domain(s) present in a protein.

B. Search for other proteins containing similar domain(s).

C. Explore a 3D modeling template for the query sequence.

D. Find distant sequence homologs that may not be identified by BLAST.

NCBI's Conserved Domain Search allows you to match your protein sequence to
a library of conserved protein domains, generate a multiple sequence alignment
based on this match, and explore 3D modeling templates for your sequence.
Click on the CDD link provided below,

CDD

paste the following protein sequence in the CD-Search query box and run the
search.

MSATKKTY SSTTSAKSKHSVRVAQTTADAALEAVYEMSGDSC
QREGLIQNFGCMV AV EEPNFCVIAY SENASEFLDLIPQAV PSMGE
AATQDISLLNPITVHCRRSGKPLY AIAHRIDIGIV IDFEAVKMIDV PV
LPGGDIELLCDTIV EEVRELTGY DRVMA FKFHEDEHGEV V AEIRRN
KNRVRLIADCY ASPVKLIQDPDIRQPV SLAGSTLRAPHGCHAQY |
IQRGRKLWGLVV CQHTSPRTV PFPLRSV CEFLMQV FGMQLNLH)
PIGIVSQTPNIMDLY KCDGAALY 'Y GKRVWLLGTTPTENQIKEIADV
HLLGDAVCGMAAAKITAKDFLFWFRSHTATEV KWGGA KHDPDE
EDV EMDA IHSLQL ILRGSFRDIA DSDTKTMIHA RLNDLKLQGV EERJ

I o

A. What are the domains present in this protein?
(Select the “Full Result” radio button to display all of the domains.)

>0il2851597|sp|P25848|PHY 1_CERPU Light-sensor Protein kina,:‘

-Suppose, we are interested in the serine/threonine protein kinase domain.
Obtain more information about it by searching in NCBI's Bookshelf

B. Go back to the CD-Search results page. Obtain a list of proteins with similar
domain architecture by clicking on the "Search for similar domains architectures"
button. To display the records, click on the links to the subsets of sequences and
from there on the “Look up Sequences in Entrez”. Change the display from
“Summary” to “FASTA”.

C. Go back to the CD-Search results page. Generate a multiple sequence
alignment for the top 10 sequences representative of the conserved domain hit
by clicking on the graphic representation of the serine/threonine kinase domain
from CDD (CDD|00180). Use the "Row Display" list box pull down menu to
specify "up to 5" sequences and reformat sequence alignment. Invoke Cn3D
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with a display of a 3D modeling template and a multiple sequence alignment
including your query sequence by pressing the "Show Structure" button.

To show only one top structure, click on the down arrow key. For better view of
the backbone, remove the side chains globally (Style--Edit global style--Protein
side chains). The query protein contains a serine/threonine protein kinases
active-site signature (IHRDLKSMNILV) where K is the ATP binding site. Identify
these residues in the query protein and highlight the corresponding lysine residue
in the first protein sequence.

Display the side chains of this residue (Use Style--Annotate--New--Edit Style.
Change the protein backbone Rendering to Tubes, Color Scheme to User
Selection and User Color to choose the color for the highlighted residue, for
example yellow. Repeat these steps for the Protein Side chains row and click the
Protein Side chains on. Click on the “Done” button. To zoom in, press z on the
keyboard. Note the heterogen near the lysine residue.

D. To obtain the structure neighbors for the serine/threonine protein kinase
protein, first click on the structure entry, 1JNK, on the CD-Browser page. Then
click Links — Structure on the top right, then on 1JNK again in the Entrez
Structure page, and finally on the chain graphic. To view neighbors with 1JNK,
select one or more of the check boxes next to the structure neighbors and view
by clicking on the "View 3D Structure" button.
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